Abstract

27
Compacted bricks of bentonite/sand mixture are planned to be used as sealing plugs in 28 deep radioactive waste disposal repositories because of their low permeability, high 29 swelling capacity and favourable properties with respect to radionuclide retention. The 30 isolating capacity of compacted bentonite/sand mixture is closely related to 31 microstructure features that have been often investigated, in particular by using 32 scanning electron microscope (SEM or ESEM) and mercury intrusion porosimetry 33 (MIP). 34
In this work, microfocus X-ray computed tomography (µCT) observations were used in 35 parallel with MIP measurements to further investigate at larger scale the microstructure 36 of a laboratory compacted bentonite/sand disk (65/35% in mass). Qualitative 37 observation of µCT images showed that sand grains were inter-connected with some 38 large pores between them that were clearly identified in the bimodal pore distribution 39 obtained from MIP measurements. Due to gravitational and to frictional effects along 40 the specimen periphery, a higher density was observed in the centre of the specimen 41 with bentonite grains more closely compacted together. This porosity heterogeneity was 42
Introduction
55
In deep radioactive waste disposal concepts, sealing plugs made of compacted 56 bentonite/sand blocks are planned to be used to close the galleries and to limit water 57 transfers. Compacted bentonite/sand plugs are used for their low permeability, high 58 radionuclides retention capability and sealing/swelling abilities when infiltrated by 59
water (e.g. Pusch, 1979; Yong et al., 1986) . Once the disposal galleries are closed, plugs 60 will be progressively infiltrated by the pore water of the host rock. They will swell and 61 seal the so-called technical voids of the system, i.e. the voids remaining between blocks 62
and at the interfaces with the rock. These technical voids are estimated at 14% of the complemented by use of by microfocus X-ray computed tomography (µCT), a high-75 resolution non destructive 3D observation technique. The µCT does not need any 76 optimum. It confirms that suction is governed by aggregates that are not much affected 124 by the compaction. As a consequence, there is little dependency of the water retention 125
properties on the sample density in compacted bentonite based materials. 126
Mercury intrusion porosimetry
127
The pore size distribution of the compacted samples was measured on freeze dried 128 samples by using an Autopore IV 9500 mercury intrusion porosimeter (Micromeritics) 129 working to a maximum pressure of 230 MPa. Instantaneous freezing was carried out by 130 plunging small samples (volume 0.40 cm 3 ) into slush nitrogen (liquid nitrogen at cooled 131 down from -195°C to -210°C by vacuum application, Delage et al., 2006) . In such 132 conditions, there is no nitrogen boiling around the samples when plunging them into 133 nitrogen, resulting in an optimized quick freezing and good microstructure preservation. 134
The intruded porosity was determined from the total volume of mercury intruded into 135 the sample and the pore size distribution was obtained, in a standard fashion, assuming 136 parallel, cylindrical nonintersecting pores of different radii, using the Autopore IV 9500 137 V1.09 standard software package. The intruded porosity was systematically compared 138 to the total porosity obtained by standard methods so as to detect the smaller porosity 139 (entrance equivalent diameter smaller than 5.5 nm) not intruded by mercury at the 140 highest applied pressure (200 MPa). 141
Microfocus X-ray tomography and image analysis
142 Microfocus x-ray computed tomography (μCT) was used to examine in three 143 dimensions the internal microstructure of the compacted bentonite/sand mixtures. μCT 144 is a non-destructive observation technique that has proven to be useful in the 145 investigation of various geological porous media including compacted bentonite 146 ImageJ, a public domain Java image processing program (Rasband, 1997 (Rasband, -2012 . Note 175 that the image was first converted to 8 bit for size reasons. 176
Results
177
Pore size distribution for sand grains). This is due to the atomic composition difference. One can also observe 209 in Figure 4 that the sample density is not strictly homogeneous with more voids 210 observed around the sample and a larger density with less voids in the centre. This 211
shows that, unsurprisingly, compaction was less effective around the sample along the 212 ring against which friction effects resulted in looser compaction. Detailed observation 213 made on a zoom taken close to the sample perimeter also shows that the bentonite 214 powder grains remain clearly apparent around the sample and that they are apparently 215 more frequent than in the centre. In the centre, powder grains appear to be more 216 compacted one against another, resulting in a denser structure. (supposedly finer) clay matrix. Conversely, it seems that, due to segregation, some 226 continuity between the sand grains is observed. As a consequence, there could be some 227 continuity and interconnection of the pores located between sand grains. 228
229
Note that this segregation is probably depending on the process adopted here of pouring 230 the dry mixture into the ring. It would hence be interesting to investigate the effects of 231 two possible options for preparing more homogeneous sand-bentonite mixture: i) by 232 previously moisturizing the mixture so as to make the clay grains stick to sand particles, 233 resulting in less segregation than in the dry mixture, provided the wet mixture is 234 thoroughly mixed prior to being poured into the ring and ii) by grinding bentonite grains 235 to smaller sizes. Obviously, the heterogeneity observed here is typical of the preparation 236 procedure of pouring a dry mixture into the compaction ring. 
